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SUMMARY 
The aerodynamic character is t ics   of  a wing with a f l a p  and over- 
hanging balance have been determined through a Mach number range from 
0.60 to 1.15. The model had a quarter-chord l ine sweep of 45.58O , an 
aspec t   ra t io  of 3 .O , a taper   ra t io   o f  0.5 , and an NACA 64AOlO a i r f o i l  
section measured i n  a plane a t  an angle of 45O t o  the plane of symmetry. 
The wing employed a 25.4-percent-chord full-span f lap  type of control 
with a 50-percent-chord elliptical-nose overhang f o r  balancing action. 
The lift, hinge moments, pi tching moments, and r o l l i n g  moments were 
measured over an angle-of-attack range of -4' t o  8' through ,a control 
deflection range f r o m  -28' t o  approximately 6'. The invest igat ion was 
made i n   t h e  Langley 7- by IO-foot tunnel by use of the transonic bump. 
II 
The resu l t s  ind ica ted  tha t  the e l l i p t i c a l  overhang balance caused 
substantial  reductions in the hinge moments resu l t ing  from angle-of- 
a t tack  changes when compared with  the results of  f lap  without overhang. 
The overhang also reduced the hinge moments resuJting from small deflec- 
t ions  of  the flap in the subsonic range but not a t  Mach numbers greater  
than 1.0. A t  large  def lect ion , t h a t  i s  , 20' , t h e   e l l i p t i c a l  overhang 
was effective throughout the speed range in reducing the hinge moment 
due t o  deflection; appreciable hinge moment , however, s t i l l  remains. 
The e f fec ts  of  the  overhang on the lift, pi tching moment, and a i le ron  
effectiveness parameters were small. 
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INTRODUCTION 
F l igh t  and wind-tunnel investigations a t  transonic speeds have 
indicated severe changes in  control  character is t ics  near  sonic 'veloci-  
t ies.  These changes have appeared i n  the form of large increases i n  
hinge moments, f l u t t e r ,  loss of effectiveness, and, i n  extreme cases, 
control  reversal  ( references 1 t o  5 ) .  I n  order t o  f i nd  a solut ion to 
these problems, the National Advisory Committee for Aeronautics i s  cur- 
rent ly  invest igat ing var ious types of controls  and various methods of 
balancing controls a t  high subsonic and transonic speeds. 
This paper presents the aerodynamic charac te r i s t ics  of low-aspect- 
r a t i o  sweptback wing having a full-span flap type of control employing 
an overhanging balance of  50 percent of the f l a p  chord. The  main pur- 
.pose of t h i s  i nves t iga t ion  was to determine i f  overhang balances are an 
ef fec t ive  means of  reducing  the  .hinge moments"of T I a p - t ~ F  of  controls.  
.at transonic speeds,"lBesE€es tEe hingemoment;, ' t h e  l i f t ,  pitching- 
moment and rolling-moment charac te r i s t ics  are presented. The r e s u l t s  
are given through a flap-deflection range from -28' t o  approximately 60 
for  angles  of attack of -bo, Oo, bo, and 8O. The inves t iga t ion  u t i l i zed  
the transonic bump t o  obtain Mach numbers from 0.60 t o  1.15. The 
results of this invest igat ion are compared herein wi th  the  r e su l t s  of 
a previous investigation (reference 1) of the same wing with an open- 
gap full-span plain flap.  
COEFFICIENTS AND SYMBOLS 
CL l i f t  coef f ic ien t  
semispan 
qs 
Cm pitching-moment coef f ic ien t   re fe r red  t o  0.25F 
i ce  semispan pitching moment 
qSF 
cz rolling-moment coeff ic ient   about   axis   paral le l  t o  r e l a t ive  
wind and i n  plane o f  symmetry 
moment of semlsgan .model 
qSb 1 
ch f l a p  hinge-moment coeff ic ient  
hinge moment about hinge l i n e  of 
2qM 
M' area moment o f  f l a p  behind  hinge l ine  about   hinge  l ine  for  
semispan wing, 0.000692 foot  cubed 
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ef fec t ive  dynamic pressure over span of model, pounds per  
square f o o t  -p$ G >  
twice wing area of semispan mael, 0.202 square foot 
twice span of semispan model, 0.778 foot  
b/2 
mean aerodynamic chord of  w i n g ,  0.269 foot  ($ c2Q) 
loca l  wing chord p a r a l l e l  t o  plane of symmetry, feet 
loca l   f l ap  chord measured in a plane  perpendlcular  to  f lap 
hinge line, feet 
spanwise distance from plane of symmetry 
free-stream velocity, feet per  second 
mass density of  air, slugs per cubic foot 
e f fec t ive  Mach number over span of model C L ~ / ~  &a .i) 
average chordwiae l o c a l  Mach number 
local Mach number 
Reynolds nuniber of wing based on wing mea31 aerodynamic chord 
angle of attack, degrees 
f lap   def lec t ion  relative t o  wing-chord plane, measured in a 
plane perpendicular to flap hinge axis (posit ive when 
t r a i l i n g  edge is  dawn) , degreek 
. 
3 
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% = ( 2 j a  
The subscripts outside the parentheses indicate the factors held 
constant during the measurements of the parameter. The slopes of the 
coeff ic ient   curves   plot tea   against   angle   of   a t tack were obtained from 
cross  plots  a t  zero flap deflection and in the angle-of-attack range 
of 0’ t o  bo. The slopes of the coefficient curves against angle of  
f lap   def lec t ion  were measured over a flap-deflection range of 
approximately *40. 
MODEL AND APPARATUS 
The semispan wing used in the investigation had 45.58O of  sweep- 
back a t  the quarter-chord line, an aspect  ra t io  of  3, a taper  ra t io  
of 0.5, and an NACA 64A010 a i r fo i l   s ec t ion  measured i n  a plane a t  45’ 
to the  plane of  symmetry. Pert inent  dimensions of  the basic  wing are 
given in figure 1. The wing was equipped with a 0.2% full-span flap 
ty-pe of control. For balancing purposes a O.5Ocf ell iptical-nose over- 
hang was a t tached  to  the  f lap  ahead of the hinge line. A gap of about 
0.003 inch was maintained between wing and f l ap  overhang. The f l a p  was 
supported by two hinges along i t s  span as shown in  f igu re  1. 
The model was constructed of steel and was mounted on an e l e c t r i c a l  
strain7gage balance enclosed in the transonic bump. A strain-gage beam 
w a s  attached t o  the end of the flap along the hinge line for measuring 
the hinge moments. A sponge mbber seal was fastened between the  bu t t  
of  the model and the lower surface of the bmp turntable  t o  reduce the 
flow of a i r  through the s lo t  i n  the  tu rn tab le  as shown in  f igu re  2. 
The model was t e s t e d   i n   t h e  Langley high-speed 7- by 10-foot 
tunnel by u t i l i z ing   t he  f low f ie ld  over the transonic bump to  obtain 
Mc.ch numbers fro; 0.6 t o  1.15. Typical contours of local Mach numbers 
. 
in the v i c in i ty  of the model location on the  bump a r e  Shawn in   f i gu re  3. 
The contours indicate a spanwise loca l  Mach number var ia t ion of 0.02 
a t  the  lowes t  Mach numbers and 0.04 a t   t h e   h i g h e s t  Mach numbers. The 
chordwise var ia t ion  is  general ly  less  than 0.02. No attempt has been 
made t o  evaluate the effects of t h i s   c h o r h i s e  and spanwise Mach number 
var ia t ion.  The dashed l ines near the root of the wing i n  figure 3 
represent the estimated extent of the bmp boundary layer .  The effec- 
t i v e  test  Mach number was obtained from contour charts similar t o  those 
presented in  figure 3 by using Lhe relat ionship 
A typical  variation  of Reynolds n h e r  with tes t  Mach n&er i s  
shown in  f igure  4. 
CORRECTIONS 
The rolling-moment coeff ic ients  presented in  this paper are uncor- 
r ec t ed  fo r  reflection-plane.effects. A reflection-plane correction, 
however, which accounts f o r  the carry-over of load to the other  wing, 
has been applied to  the parapeter Cz8 throughout the range of test 
Mach numbers. The corrected value of Cz8 was obtained by multiplying 
the measured value of  C z 8  by the correct ion factor  0.672 which was 
obtained from an unpublished theoretical investigation. The ai leron 
effectiveness  parameter Cz8 presented herein represents  the  aero- 
dynamic e f f ec t s  on a complete wing produced by the  def lect ion of the 
control  on only one semispan of t he  complete wing. Although the cor- 
rect ions are  based on incompressible conditions, it is believed that 
the  resul ts   obtained by applying the correction gives a better represen- 
t a t i o n  of true conditions than uncorrected data. Application of the 
cor rec t ion  fac tor  to  the  data i n  the manner given resul ts  in  the values  
of C z  being undercorrected a t  s u b c r i t i c a l  Mach numbers and  probably 
overcorrected i n  the transonic Mach number (M > 0.95) range. Flap 
def lect ions were corrected for  angle  change due to strain-gage deflec- 
tions under load. 
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Experimental results: 
Aerodynamic characterist ics of the wing i n  p i tch  
Variation of the aerodynamic character is t ics  against  f lap 
L i f t ,  pitching moment, and hinge moment . . . . . . . . . 5 t o  6 
deflection 
Hinge moment; l i f t ,  pitching moment, and ro l l i ng  moment . 7 t o  10 
Summary and comparison o f  results of balanced and unbalanced 
f l a p  : 
Hinge moments of  f l ap  . . . . . . . . . . . . . . . . . . . 11 
Variation of flap parameters with Mach number, . . . . . . 12 to 15 
Hinge-Moment Characterist ics 
The f lap of ,  the present  invest igat ion (a  0 .254~ f lap  wi th  a 
50-percent flap-chord e l l i p t i c a l  overhang) i s  sham in  figure 6 t o  have 
a l inear  var ia t ion of  hinge-moment coefficient against  angle of a t tack 
over a considerable. angle range for a l l  Mach numbers tes ted.  The 
values of the par61eteT"Th, presented i n  figure 12 therefore provide 
I 
a fair ly  accurate  indicat ion of  t he   f l ap  hinge-moment character is t ics  
i n  p i tch  over a large range o f  angle of attack. For the convenience of 
determining the balancing effect  o f  the overhang, both f l ap  hinge- 
moment parameters C b  and CM of  the  plain  f lap  (without overhang) 
taken from reference 1 are presented in f igure-12.  In the subsonic 
range, M < 0.9, the overhang reduced the magnitude  of C k  from 
-0.0024 t o  0. ( A  value o f  C& = 0 in  the  subsonic  range is  equiva- 
l e n t  t o  t r iangular  loading over  the ent i re  f lap for  this  ra t io  of  f lap 
overhang t o  flap chord.) In the range of Mach numbers above M = 0.9, 
the overhang i s  more effective in reducing the magnitude  of C& but, 
because of the larger negative values of the plain flap,  the hinge 
molpents are not balanced out. It should be noted that f o r  l i g h t e r  
s t ick forces  in maneuvers,-more  negative  values of C& are desirable 
instead of  the more positive values provided by the  overhang. 
The hinge-moment coefficient variation with flap deflection is not 
l i nea r  ( f ig .  7) and, therefore,  the  parameter C k  presented  in   f ig-  
ure 12 provides an indication of  the characterist ics over only a very 
limited range of deflecttons, approximately ao. For t h i s  small deflec- 
t i on  range, the values of Chg at subsonic Mach numbers are smaller 
i n  magnitude than  those of the   p la in   f lap  of reference  l .and  indicate  . - -  
t ha t   t he  overhang i s  providing some balance as might be expected from 
experience  with unswept  wing configurations. A t  values  of M > 1.0, '3 - 
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however, the overhang produces no noteworthy balancing effects. It i s  
thought that ,  as the Mach number increases, the balancing decreases as, 
a r e s u l t  of the increased thickness of separation from the edge of  the 
main p a r t  of the wing ahead of the f l a p  conibined w i t h  a change from 
subsonic flow over the f lap to  supersonic  flow. A loss in  balancing 
' action with increased Mach number i s  also indicated for higher deflec- 
t ions  (greater than 5') i n  f igu re  11. These data,  however, show that 
not a l l  of the balancing effect  i s  l o s t   a t   t h e  high deflect ions a t  
transonic Mach numbers a s  Chg near  zero 6 ( f i g .  12) had indicated. 
For example, the value of the hinge-moment coeff ic ient  f o r  the  p la in  
f lap  for  the  condi t ion  (a = Oo, Sf = -15O, and M = 1.15) is  0.230 as 
compared with a value of 0.152 f o r   t h e   e l l i p t i c a l  overhang f lap.  This  
. value i s  equivalent t o  about a 3bpercent  reduction  in  hinge moments. 
For a purely supersonic loading (that is, rectangular) a reduction. o f  . 
hinge moments o f  only 25 percent is poss ib le   for  any 50-percent-chord 
overhang. 
Other Aerodynamic Character is t ics  
The 0 . Y c f   e l l i p t i c a l  overhang showed about the same var ia t ion  in  
lift effectiveness with Mach number ( f ig .  13) as d id  the  p la in  f lap  of 
reference 1. The values of  C L ~  were pract ical ly  constant  up to 
M = 0.90 and then decreased as the Mach number was increased  to  M = 1-10. 
The magnitude of C L ~  was somewhat smaller, however, f o r  the e l l i p t i c a l  
overhang than .for the plain f l ap .  The magnitude of C L ~  for the over- 
hang flap w a s  about the same as   t ha t  of  the plain f lap except f o r  a small 
range o f  Mach numbers. 
. The pitching-motnent parameters f o r   t h e  overharig f l a p   ( f i g .  14) 
showed a var ia t ion  w i t h  Mach number similar to t h a t  of t he   p l a in   f l ap  
of reference 1. The wing aerodynamic center as indicated by the 
parameters indicated a gradual  rearwed sh i f t  up t o  M = 0.90; 
above this Mach number the ,  sh i f t  was more rapid,  the center moving 
rearward about 10 percent of the mean aerodynamic chord i n  the range 
of Mach numbers f r o m  0.87 t o  1.10. Only a minor change i n  the f l a p  
pi tching effect iveness  '2% with Mach number i s  shown. 
c q L  
The ma-itude and the variation of the aileron effectiveness 
parameter with Mach number ( f ig .  15) i s  about the same for  the  overhang 
a s  f o r  t he  p l a in  f l ap  of reference 1. The e l l i p t i c a l  o v e r h g  f l a p ,  as 
for  near ly  all other  f lap  type of la teral  controls ,  has  near ly  constant  
effectiveness through the subsonic range (M CO.90) with decreasing 
effectiveness through the transonic speed range. 
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CONCLUSIONS 
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An investigation a t  transonic sgeeds t o  determine the hinge-moment 
charac te r i s t ics  o f  a sweptback wing model equipped with a full-span 
f l a p  having a 50-percent-chord e l l i p t i c a l  overhang indicated the fol- 
lowing r e su l t s  when compared with the flap without overhang: 
1. The overhang balance was effective in reducing the hinge moment 
due t o  angle-of-attack changes throughout the Mach  number range tested,  
the largest  reductions being indicated a t  Mach numbers greater- than 0.9. 
2. The overhang also reduced the hinge-moments resul t ing from 
small deflection6 of the  f lap  i n  the subsonic range but not f o r  Mach 
numbers greater than 1.0. A t  large deflections, however, the overhang 
was effective throughout the speed range in reducing the hinge moments 
due to deflection. 
3. The  e f f ec t s  of the overhang on the lift, pitching-moment, and 
aileron effectiveness parameters were ,mal l .  
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Figure 4.- Tgpical var ia t ion  of Reynolds number with test Mach nuniber 
through the transonic speed range. 
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Figure 5.- Variation of angle of atack and pitching-moment coefficient 
uith lift coefficient  for vaxious hch numbers. 6 = OO. 
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Figure 6.- Variation of hinge-Ynoment coefficient with angle of attack f o r  
various Makh numbers. 6 = Oo. 
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(a) u = -4'. (b) u = 0'.
.. . 
(c). a = 4O. (d) a = 8'. 
Figure 7.- Variation of hinge-moment coefficient with flap deflection for 
various Mach numbers and angles of attack. 
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(a> a = -4'. (b) a = 0'.
(c) a = 4O. (d) a = 8'. 
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Figure 8.- Variation of lift coefficient with flap deflection for various 
Mach  numbers and angles of attack. . 
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Figure 9.- Variation of pitching-moment coefficient with flap deflection 
for various Mach numbers. a = 0'.
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(d) a = 8'. 
Figure 10.- Variation of roLWng-moment coef f ic ien t  with flap deflection . f o r  var ious  k c h  numbers and angles of attack.  Uncorrected f o r  
reflection-plane effects.  
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Figure 12.- Variation of the hinge-moment parameters wLth Mach number f o r  
the plain and 0.SOcf elliptical-overhang flaps.  
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Figure 13.- Variation of the Uft paramters with Mach number f o r  the 
plain and 0,SOcf elliptical-overhang f laps .  
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Figure Variation of the pitchingymoment parameters with Mach number 
I f o r  the p l a i n  and 0.SOcf elliptical-overhang f laps .  
24 
""- Plain flup (Ref 1) 
0.50 cf ellipt ita/ o verhong 
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Figure 15.- Variation of the rolling-moment parameter with Mach number 
for the p l a h  and 0.50cf elliptical-overhang flaps. Corrected for 
reflection-plane effects. 
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